Introduction
Connective tissue diseases (CTDs), also named collagen vascular diseases, are a heterogeneous group of immunologically mediated systemic disorders, in which the thoracic organs constitute a frequent target.
Thoracic manifestations of CTDs are broad and vary according to specific disease types, frequently constituting a challenge for the radiologist. Furthermore, these patients may present opportunistic infections and drug-related complications, which should be ruled out before confirming the diagnosis of thoracic involvement in CTDs.
This article describes the thoracic high-resolution computed tomography (HRCT) findings of the most common CTDs, as well as possible complications associated with CTD treatment.
General Aspects of Thoracic Manifestations of CTDs
The most important thoracic manifestations and the major causes of morbidity and mortality in patients with CTDs are interstitial lung disease (ILD) and pulmonary arterial hypertension (PAH). 1 Thoracic abnormalities usually appear simultaneously or after typical CTD systemic manifestations. However, they may also precede extrathoracic manifestations by months or years, or, occasionally, be the dominant feature of the systemic autoimmune disease. [1] [2] [3] The distinction between idiopathic ILD and CTDrelated ILD may be difficult considering thoracic HRCT imaging features alone. However, demographic features, serum antibodies, and extrapulmonary manifestations may aid the diagnosis. Patients with CTDrelated ILD are typically younger than those with idiopathic ILD and female. Pulmonary involvement in CTDs is generally multicompartmental (involving the lungs, airways, pleura, and pulmonary vascular system), and may be associated with esophageal abnormalities or pericardial disease. Furthermore, patients with CTDs may also present extrathoracic manifestations such as Raynaud phenomenon and articular involvement. 4, 5 Mediastinal lymphadenopathy is also a frequent finding in patients with CTDs and should not be considered malignant in the absence of a known neoplasm. 1 
Patterns of ILD Associated With CTDs
CTD-related ILD commonly displays similar morphologic patterns to those of the idiopathic counterpart. 6 Thorough knowledge of idiopathic ILD patterns is vital for understanding ILD in the setting of CTDs.
The most common histopathologic patterns of ILD in patients with CTDs are nonspecific interstitial pneumonia (NSIP), usual interstitial pneumonia (UIP), organizing pneumonia (OP), and lymphoid interstitial pneumonia (LIP). NSIP is the single most frequent pattern of ILD in most CTDs, with the exception of patients with rheumatoid arthritis (RA) in which the UIP pattern predominates. 7, 8 The NSIP pattern is more frequently seen in association with CTDs than as an idiopathic disease. As such, an underlying CTD must be sought at diagnosis and during follow-up of patients with NSIP-like abnormalities, especially of young age and with positive autoantibodies. 8, 9 A recently published study, which aimed to determine the frequency of unrecognized CTDs in a cohort of patients with ILD, revealed that 15% of 114 patients with ILD were diagnosed with a new CTD as a direct consequence of their ILD evaluation. 10 
Nonspecific Interstitial Pneumonia
Pathologically, the NSIP pattern is characterized by spatially and temporally homogenous lung involvement. On account of the varying degrees of interstitial inflammation and fibrosis, NSIP is divided into 2 categories: cellular and fibrotic NSIP. While interstitial inflammation is the dominant finding of cellular NSIP, interstitial fibrosis and mild inflammation are the key features of fibrotic NSIP, the latter accounting for substantially worse prognosis. 6, 11 Typical HRCT findings of NSIP include patchy ground-glass opacities and reticular abnormalities (Fig 1) . In advanced stages, mild traction bronchiectasis and bronchiolectasis can be seen. Subpleural cysts may rarely be seen in fibrotic NSIP; however, these are usually smaller and limited in extent when compared with those of UIP. Patients with NSIP typically demonstrate bilateral disease with lower lobe predominance, and peripheral or peribronchovascular distribution. A unique HRCT feature of NSIP that reinforces its diagnosis is the relative sparing of the lung parenchyma immediately adjacent to the pleura (subpleural sparing). 1, 6 Usual Interstitial Pneumonia
The UIP pattern is characterized by histopathologic and radiological heterogeneous lung involvement, with areas of fibrosis (with scarring and honeycombing) alternating with areas of normal lung. According to the American Thoracic Society-European Respiratory Society-Japanese Respiratory Society-Latin American Thoracic Association Idiopathic Pulmonary Fibrosis 2011 guidelines, the typical HRCT pattern of UIP includes reticular opacities with honeycombing with subpleural and basal predominance, with or without traction bronchiectasis, without features to suggest an alternative diagnosis (Fig 2) . 12 When present, ground-glass opacities in UIP are usually less extensive than those observed in NSIP and should be regarded as early fibrosis instead of inflammatory changes. 13 The differentiation between UIP and NSIP has important therapeutic and prognostic implications, with NSIP showing better response to corticosteroid therapy and a better prognosis. However, there is considerable overlap in the HRCT patterns, and the diagnosis may not be straightforward. Several imaging clues may help the radiologist in this evaluation (Table 1) , with honeycombing being the dominant imaging feature of UIP and ground-glass opacities the key finding of NSIP. 14 
Organizing Pneumonia
OP is a clinicoradiological syndrome characterized by unilateral or bilateral patchy consolidations, with lower lobe predominance, peripheral or peribronchial distribution, with possible sparing of the subpleural lung. These opacities may change their location and size even without treatment, constituting a clue for the diagnosis. 6 Perilobular opacities are a distinctive finding, frequently observed in patients with OP, resulting from involvement of the structures that border the secondary lobule. They appear as illdefined, bowed or polygonal opacities, predominantly in the subpleural regions. When present, this perilobular pattern may support the diagnosis of OP. 15 Another highly suggestive feature of OP is the reverse halo sign ("atoll" sign), which consists of a rounded area of ground-glass opacity surrounded by a ring of consolidation (Fig 3) . Other findings may include ground-glass opacities, air bronchogram and bronchial dilatation within the areas of consolidation, tree-inbud pattern, and nodular opacities. Histologically, OP is characterized by granulation tissue polyps in the airspaces and distal airways, with preservation of lung architecture and volume. 6, 9, 16 Lymphoid Interstitial Pneumonia LIP is an uncommon entity, most frequently seen in the setting of systemic diseases (namely Sjögren syndrome [SS] and acquired immunodeficiency), being extremely rare as an idiopathic disease. It is histologically characterized by diffuse infiltration of the interstitium by polyclonal lymphocytes, plasma cells, and histiocytes. 17 The radiological hallmarks of LIP are bilateral, either diffuse or lower lobe, groundglass opacities, and thin-walled perivascular cysts (Fig 4) . 6, 9 These cysts are centrally located in the lung parenchyma and are thought to result from partial 
Pulmonary Arterial Hypertension
PAH is defined as a mean resting pulmonary artery pressure Z25 mm Hg, with pulmonary capillary wedge pressure r15 mm Hg. 19 PAH is commonly associated with CTD, most frequently with progressive systemic sclerosis (SSc) (particularly with the limited form), and may or may not be associated with ILD. HRCT signs of PAH include dilatation of the pulmonary arterial trunk (Z2.9 cm, evaluated on axial images at the level of its bifurcation, perpendicular to its long axis) and of the main pulmonary arteries and their segments, enlargement of the right heart chambers and of the azygos-hemiazygos venous system, and contrast reflux into the inferior vena cava and hepatic veins.
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Specific CTDs Progressive Systemic Sclerosis
Progressive SSc, also known as scleroderma, is a multisystemic autoimmune disorder characterized by overproduction of collagen, leading to fibrosis of the skin, lungs, and visceral organs, and small vessel vasculopathy. 21 SSc can be classified into 2 major forms: diffuse SSc and limited SSc (the latter previously known as CREST syndrome, characterized by calcinosis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasis), each subgroup associated with different clinical manifestations, autoimmune profile, and prognosis. 22 SSc has female predilection (3-8 females:1 male), with peak frequency between 45 and 64 years of age. 1 ILD and PAH are common in the course of SSc and are the leading causes of disease-related morbidity and mortality, with PAH being the single most important cause of death. While pulmonary fibrosis typically affects patients with diffuse SSc, PAH is especially prevalent in patients with the limited form of the disease. 23 ILD is said to be present in 75% of patients at autopsy, being more common and more severe in SSc than in any other CTD. However, patients with interstitial pathology may be asymptomatic in early stages. 5, 23 The HRCT findings at presentation may have prognostic significance: patients with extensive ILD at baseline evaluation (affecting Z20% of the lung) show higher mortality rate and rapid decline of lung function, whereas patients with less extensive (o20%) or no lung involvement at initial HRCT evaluation appear to have good long-term prognosis. 4, 24 NSIP is the most common pattern of ILD in patients with SSc (Figs 5 and 6), with HRCT features closely resembling those of idiopathic NSIP. 23, 25 UIP is the second most common pattern of ILD, generally accounting for a worse prognosis than NSIP.
1,2 Ground-glass opacities should not be interpreted as areas of inflammation unless reversible after therapy (Fig 7) , as most ground-glass opacities represent early fibrotic changes. The diagnosis is further corroborated by the identification of bronchiectasis amid the ground-glass abnormalities. 4 Other possible pulmonary manifestations of SSc include OP, alveolar hemorrhage, bronchiectasis or bronchiolectasis (Fig 5) , and respiratory muscle dysfunction. 23 As systemic manifestations may appear after a few or after several years following the diagnosis of ILD, a close follow-up of these patients is required. Extrapulmonary findings that may suggest the diagnosis of SSc are enlargement of the pulmonary arterial trunk and right heart chambers (signs of PAH) as well as esophageal dilatation (Fig 8) . Esophageal involvement is an early manifestation of SSc, described in up to 97% of patients. It may lead to aspiration pneumonitis or bronchiolitis. 4, 26 The heart is also a frequent target of scleroderma, with possible involvement including myocardial fibrosis, arrhythmias, pericardial disease, and heart failure. 26, 27 Mediastinal lymphadenopathy is likewise common, occurring in up to 50% of patients. 27 Unlike pericardial disease, pleural disease is uncommon and when present is generally accompanied by parenchymal lung disease. 21 Patients with SSc show increased prevalence of malignancies compared with the general population, namely lung cancer and breast cancer. Nonetheless, the mechanism for this increased carcinogenesis remains unknown. 1 
Systemic Lupus Erythematosus
Systemic lupus erythematosus (SLE) is a complex autoimmune disease with a broad spectrum of immunologic and clinical manifestations. SLE affects primarily women (6-9 females:1 male), occurs predominantly in childbearing age, and has an African American predilection. 2, 27 The most frequent thoracic manifestation of SLE is pleural disease. Pleuritic pain is said to be present in 45%-60% of patients, and pleural effusions (unilateral or bilateral) have been reported in 30%-50% of patients with SLE. 28 Pericardial effusion and cardiomegaly may be present in up to 35% of patients (Fig 9) . 27 Acute pulmonary disease in patients with SLE presenting patchy consolidation in HRCT images may represent pneumonia, acute lupus pneumonitis, alveolar hemorrhage, or pulmonary edema. 27 Pneumonia is the leading cause of lung infiltrates and a frequent cause of morbidity and mortality in this group of patients, accounting for 57% of all fatal infections. 29 Although the most common pulmonary infection is community-acquired pneumonia, atypical microorganisms should also be considered, particularly in the setting of immunosuppressive therapy. 1 Acute lupus pneumonitis is thought to occur in 2%-10% of patients with SLE and may be the presenting manifestation of the disease in half of these patients. 4 As the clinical presentation of this entity may be similar to that of infectious pneumonia (cough, dyspnea, and fever), infectious diseases must be meticulously ruled out before considering the diagnosis of lupus pneumonitis and initiating immunosuppressive therapy. Diffuse alveolar hemorrhage may mimic acute lupus pneumonitis, both clinically and radiologically. However, the presence of hemoptysis and decrease in hematocrit level, associated with diffuse alveolar infiltrates, should suggest the correct diagnosis (Fig 10) . 29 This diagnosis can be further validated by bronchoscopy with sequential bronchoalveolar lavages. 2 Chronic lung disease in patients with SLE includes "shrinking lung" syndrome and pulmonary fibrosis. "Shrinking lung" syndrome is an uncommon disorder of unknown pathogenesis characterized by chest pain and dyspnea with diaphragmatic elevation and abnormal respiratory function tests, without evidence of parenchymal or pleural disease. 30 Unlike in most CTDs, ILD (presenting as NSIP or UIP) is a rare respiratory manifestation in SLE (3%). Clinically important airways disease is likewise infrequent; however, bronchiectasis may be seen in HRCT studies.
1,2 PAH is also an uncommon manifestation of SLE (6%), being frequently associated with pulmonary thromboembolic disease or interstitial fibrosis. The pathophysiology of PAH in SLE is multifactorial and incompletely understood. It may encompass pulmonary vasculopathy, chronic thromboembolic disease (related to antiphospholipid antibody syndrome), left heart disease, lung disease, or the combination of these factors. 31 Patients with SLE have increased risk of malignancy compared with the general population, with lung cancer and lymphoma being the most common associations.
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Rheumatoid Arthritis RA is the most common CTD, characterized by symmetric polyarthritis, leading to progressive joint damage. RA affects approximately 1% of the population, usually presenting in patients between 20 and 50 years of age and, as the majority of CTDs, has female predominance (3 females:1 male). Conversely, pleuropulmonary involvement, which accounts for 20% of all RA-related deaths, is more frequent in the male sex. 32 The most common thoracic manifestation of RA is pleural disease. It may be present in up to 50% of patients and consists on pleural effusions, pleural thickening, or pneumothorax. Pleural effusions are typically unilateral, may be loculated, and are more frequently seen in patients with long-standing active articular disease and rheumatoid nodules. Chronic effusions may lead to pleural thickening, causing reduced lung expansion despite adequate drainage (trapped lung). 28, 32 ILD is also a chief thoracic manifestation of RA and may present several histopathologic and HRCT patterns, with the most common patterns being UIP, NSIP, OP, and LIP. Unlike patients with other CTDs, in which the NSIP pattern predominates, patients with RA most commonly present UIP-like abnormalities (Fig 11) . 1 This entails prognostic implications, as RArelated UIP has considerably worse prognosis than NSIP. 32, 33 As with idiopathic UIP, honeycombing in RA predominates in the posterior subpleural lower lobes. However, anterior upper lobe honeycombing may also be present in RA-related UIP. 34 Similarly to other entities presenting lung fibrosis, patients with RA have higher risk of developing lung cancer. 21 Pulmonary (necrobiotic) rheumatoid nodules are characteristically well defined, have a maximum diameter of 0.5-5.0 cm, display peripheral distribution in the upper and middle lung regions, and may undergo cavitation in up to 50% of cases (Fig 12) . Patients are typically asymptomatic unless a cavitating nodule ruptures into the pleural space, leading to pneumothorax, hydropneumothorax, or empyema. Caplan syndrome refers to the association of rheumatoid nodules with pneumoconiosis (usually in coal workers' pneumoconiosis). 35 Patients with RA frequently show airways disease, both of the upper and the lower airways. Cricoarytenoid arthritis, presenting with odynophagia, dysphagia, hoarseness, and globus, is a frequently overlooked condition that can lead to life-threatening airway compromise. Bronchiectasis may be seen in up to 58% of patients. Despite most patients being asymptomatic, the presence of bronchiectasis should always be highlighted, as there may be an additional risk factor for the development of mycobacterial infection, particularly in patients treated with tumor necrosis factor α (TNFα) antagonists. 2 Other possible airway manifestations are constrictive (obliterative) bronchiolitis and follicular bronchiolitis. Obliterative bronchiolitis, characterized by luminal narrowing and obliteration of the small airways, is regarded in HRCT studies as mosaic attenuation pattern, with areas of air trapping demonstrated on expiratory images (Fig 13) . Follicular bronchiolitis, considered as the bronchocentric counterpart of LIP, is an infrequent manifestation of RA, presenting on HRCT images as small centrilobular nodules, often of ground-glass attenuation. Unlike follicular bronchiolitis, which frequently responds to corticosteroid therapy, obliterative bronchiolitis usually has poor treatment response and may lead to respiratory failure. 1, 2 PAH may be present in approximately 20% of patients with RA and is usually associated with pulmonary involvement. 32 
Sjögren Syndrome
SS is a chronic autoimmune condition characterized by lymphocytic infiltration (T lymphocytes) of various organs, most commonly of the lacrimal and salivary glands, resulting in keratoconjunctivitis sicca and xerostomia (sicca syndrome). This syndrome may occur alone or, in approximately one-third of patients, in association with other autoimmune disorders (RA, SLE, or scleroderma), termed primary and secondary SS, respectively. 1,5 SS predominantly affects women (9-13 females:1 male) in the fourth and fifth decades of life, with the secondary form being more frequent than the primary counterpart (estimated prevalence of 0.5%-1% in primary SS and up to 30% in secondary SS). 2, 4, 21 Prevalence of lung involvement is SS varies widely (9%-75%) according to the diagnostic modalities and studied population. 36 The most frequent pulmonary manifestations of SS are ILD and airways disease. 2 The most common ILD pattern identified in patients with SS is NSIP, with other frequent patterns being OP, UIP, and LIP. 37 Patients with primary SS have higher prevalence of airway abnormalities owing to disease involvement of the mucosal glands of the airways, leading to impaired microbial clearance and culminating in recurrent infections and bronchiectasis (Fig 14) . 4, 36 Additional airway abnormalities include tracheobronchial sicca, follicular bronchiolitis, and constrictive bronchiolitis. 38 Pleural disease is uncommon and almost exclusive to secondary SS, occurring most frequently in association with RA and SLE. 1 Patients with SS have increased risk for lymphoma (non-Hodgkin B-cell type, arising from the salivary glands, stomach, or lung), estimated to be 16-44 times greater than in the general population.
1,2 This entity should be considered whenever consolidation, pulmonary nodules, pleural effusion, or lymphadenopathy are identified in this group of patients (Fig 15) .
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Polymyositis and Dermatomyositis
Polymyositis (PM) and dermatomyositis (DM) are idiopathic inflammatory myopathies characterized by proximal muscle weakness. PM and DM have similar signs and symptoms, with the exception that patients with DM present characteristic skin manifestations, specifically heliotrope rash and Gottron papules. 4 Both entities present female predominance and bimodal incidence pattern during childhood (10-15 years) and middle adulthood (35-65 years). 2 Latter onset of the disease may signal an underlying malignancy, such as lung, breast, cervix, or colon cancer. 5 More than 50% of patients present thoracic manifestations, which may take 1 or more of the following forms: (1) ILD; (2) aspiration pneumonia, as a result of pharyngeal muscle weakness; and (3) direct involvement of the respiratory muscles leading to hypoventilation and respiratory failure. 2, 7 ILD is a frequent pulmonary manifestation and a common cause of morbidity and mortality in PM-DM. 39 The most common patterns of ILD are NSIP (Fig 16) , UIP, OP, and diffuse alveolar damage. 1, 40 NSIP and OP patterns may coexist in HRCT studies and lung biopsy specimens. 40, 41 As with other CTD, ILD may precede the onset of symptomatic myopathy and skin lesions. 3, 40 Approximately 75% of patients with PM and DM may present cardiovascular involvement, with up to 45% of patients developing congestive heart failure. 4 Airway abnormalities, pleural disease, and PAH are uncommon thoracic manifestations in this group of patients. 2 
Mixed Connective Tissue Disease
Patients with mixed connective tissue disease (MCTD) exhibit a set of features that are characteristic of SLE, SSc, RA, and PM-DM, in addition to positive antiribonucleoprotein antibodies. MCTD affects mostly women (9 females:1 male), with peak incidence in the second and third decades of life. 1 Clinical and radiological thoracic involvement is frequent (20%-80% of patients) and follows that of SLE, SSc, RA, or PM-DM. 7 As such, the most important pulmonary manifestations are ILD and PAH. 42 ILD is the single most common pulmonary manifestation in MCTD (21%-66%), being NSIP the most common histopathologic and radiographic pattern. Other possible patterns include UIP and LIP. 4 Esophageal involvement is also frequent and may be responsible for chronic gastroesophageal reflux, aspiration pneumonitis, and recurrent pulmonary infections. Pleural and pericardial diseases occur in approximately 10% of patients, being more prevalent in those in which SLE features predominate. 5 Other thoracic features consist of respiratory muscle weakness, pulmonary vasculitis, alveolar hemorrhage, pulmonary thromboembolism, and mediastinal lymphadenopathy. 23 
Drug Toxicity
Several drugs used to treat patients with CTDs have been associated with drug-induced lung injury (Table 2) , which may involve the lung parenchyma, airways, pleura, mediastinum, pulmonary vasculature, and neuromuscular system. Drug-induced ILD (DI-ILD) is the most common form of injury, yet it is mainly a diagnosis of exclusion. The diagnosis of DI-ILD requires the following: (1) detailed history of drug exposure; (2) clinical, radiological, and histopathologic patterns consistent with previous observations with the same drug; (3) exclusion of other possible causes; (4) improvement after drug removal; and (5) recurrence of identical symptoms after drug reintroduction. When timely diagnosed, DI-ILD may have a satisfactory prognosis. On the contrary, failure to identify DI-ILD may significantly increase patient morbidity and mortality. 43 Clinical and radiological findings of DI-ILD are nonspecific and usually mimic those of opportunistic infections or of exacerbation of CTD-related lung disease. Bronchoalveolar lavage may aid in the differential diagnosis of these entities. 32, 43 Methotrexate is considered to be the drug with more potential to cause DI-ILD among all the medications used to treat patients with CTDs. 2 Patients usually become symptomatic months after starting the treatment. The most common manifestations of methotrexate-induced lung disease are NSIP and hypersensitivity-like reactions resembling hypersensitivity pneumonitis (Fig 17) . 44, 45 Toxicity to cyclophosphamide may occur between 2 weeks and 13 years after drug administration and usually presents as diffuse alveolar damage, NSIP, or OP. Both methotrexate-and cyclophosphamide-induced lung toxicities show no evident relationship with dose and duration of therapy and are associated with satisfactory prognosis after drug withdrawal. 45 Association between TNFα antagonists and new-onset or exacerbation of ILD is also described in the literature. 46 
Opportunistic Infections
Patients with CTDs have increased risk of developing pulmonary infections. Although intrinsic immunologic abnormalities predispose the patient to nonspecific infections (such as community-acquired pneumonia in SLE and aspiration pneumonia in SSc), severe immunosuppression related to several therapeutic agents (e.g., corticosteroids, methotrexate, and cyclophosphamide) might lead to atypical or more severe pulmonary and systemic infections. 47 As such, patients with SLE under immunosuppressive treatment may present infections to mycobacteria (Fig 18) , Pneumocystis jirovecii, cytomegalovirus, Aspergillus species, and Nocardia. 1, 23 Likewise, patients with RA, especially those under treatment with TNFα inhibitors, are susceptible to opportunistic microorganisms such as Mycobacterium tuberculosis, Listeria monocytogenes, and P. jirovecii. 35 As treatment with high doses of corticosteroids or immunosuppressive drugs is associated with reactivation of latent tuberculosis, regular screening is recommended in countries where tuberculosis is endemic. 1 The prevalence of P. jirovecii pneumonia in patients with CTDs is reported to be approximately 1%-2%, occurring most commonly among those receiving immunosuppressive therapy. 48 This diagnosis should be considered when bilateral perihilar ground-grass opacities, interstitial thickening, or both, are seen in HRCT studies of this group of patients (Fig 19) . 9 However, exacerbations of CTD-related lung disease and drug-induced lung toxicity (specifically subacute hypersensitivity pneumonitis to methotrexate) may present similar clinical and radiological manifestations as P. jirovecii pneumonia. 49 
Conclusions
The thoracic organs are frequent targets of immunemediated injury in CTDs. Any thoracic compartment can be affected; however, the most important manifestations are ILD and PAH. Though challenging, the radiologist's role is to recognize the most common patterns of lung involvement in patients with CTDs, assess treatment efficacy, and evaluate treatmentrelated complications, namely drug toxicity and opportunistic infections. As such, general knowledge of the broad spectrum of HRCT features associated with each CTD is paramount.
